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Ductile shear zones are the result of the process of strain localization in the lower continental crust. Strain localization is coeval with dramatic changes in mineralogy (modes and composition) which reflects the conditions of pressure and temperature during deformation, and also mass transfer due to interactions with an externally-derived fluid. Therefore, to model accurately and understand the mechanisms of strain localization it is critical to better constrain the role of metamorphic reactions during deformation. 

The main aim of this contribution is to characterize the mineralogical and geochemical evolution of a ductile shear zone from the Tremola granite, which forms part of the intrusive granitic complex of the Gotthard Massif (external crystalline massif lens located in the central alpine chain). This variscan massif has been affected by an alpine metamorphism and deformation under amphibolite facies conditions (530-560°C, 5-7 kbars, Le Goff 1989). The studied outcrop is a ductile shear zone located south-east of the Saint-Gotthard pass (Switzerland). The strain gradient is approximately a meter long, and evolves from an orthogneiss to a mylonite and a ~10 cm-wide ultramylonite.

A petrological, microstructural and geochemical analysis have been combined to constrain the physicochemical processes controlling the strain localization. The assemblage evolves from a metastable magmatic assemblage consisting of Qtz + Kspar + Pla + Bio ± Pheng ± Grt ± Ep to a fine banded structure consisting of a quartzo-feldspathic matrix, with newly formed phyllosilicates (biotite and phengite) in the ultramylonite. Mylonite and ultramylonite are also characterized by the crystallization of ~100 micron-sized garnet.

Cathodoluminescence (CL) has been used to quantify the modal proportions of phases in the quartzo-feldspathic ribbons, and to better understand the development of the banding in the mylonite and ultramylonite (deformation mechanisms associated with grain size reduction, and variations of chemical composition in plagioclases). More specifically, in the mylonite and ultramylonite, CL imaging reveals a subtle layering consisting of alternating bands of Qtz + Pla + Bio and Qtz + Kspar. The grain size reduction coupled with the development of a banded structure must have a profound rhelogical impact. The deformation mechanisms responsible for this texture are still a matter of debate.  

Mass balance calculation on whole rock shows that deformation is almost isochemical, except for Mn which increases with strain intensity. The gain in Mn is correlated with an increase of spessartine component in narrow rims of metamorphic garnet.

Thermodynamic modeling of phases relations in a shear zone where mass transfer occurs, requires to consider an open system to take into account variations effective bulk composition during deformation. In this example, phase relations have been mapped using Perple_X’06 (Connolly 2005) as a function of P, T and XMn to highlight the influence of subtle mass transfer on the syn-deformation evolution of mineralogy. Mn gain significantly increases the stability field of garnet and is consistent with the crystallization of syn-deformation garnets in the mylonite and ultra-mylonite at ~550°C and 5,5 kbar. The good agreement between phase diagrams sections (pseudosections) predictions and the observations in terms of mineral modal abundance and composition suggests that the high strain zones are in thermodynamic equilibrium and that the volume of equilibrium is at least at the thin-section scale. Therefore, phase diagram sections can provide a forward model of the mineralogical evolution of granites (and other lithology) during shear zones development for any P-T conditions and mass transfer. 
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